
Stem Cells and Development:  

Lecture 1: Principles of Development and Juxtracrine Signaling  
 
Principles of Development:  
Embryo development is progressive, and the fate of cells becomes determined at different times. As 
development proceeds, the organizational complexity increases. The cell fate is usually stably 
conferred. Fate describes what a group of cells would develop into. If a group of cells is isolated and 
cultured a neutral environment and they develop according to their normal fate, then the cells are 
specified. Cells are determined if they still develop according to their origin when they are transferred 
to a different region of an embryo and so they are immune to the other influences of the new location.  
 
Cells are determined as a result of induction.  
Induction: synchronized changes that occur as a result of interaction between two or more cells with 
distinct cell histories. One group act as inducers and the other as a responder. Cells need to be more 
competent to respond to an inducing signal 
 
Reciprocal Induction:  
A feature of inductive events is the reciprocal nature of many inductive interaction e.g. Within the 
eye, once the lens is induced, it can in turn induce other tissues such as the optic vesicle. It can 
influence the optic vesicle to become the optic cup which differentiates into two layers, the pigmented 
layer of the retina and the neural layer of the retina.  
Epithelial-Mesenchymal interactions are the best examples of inductive event.  
 
What mediates induction?  

- Paracrine Signaling, Endocrine Signaling, Juxtracrine Signaling and Autocrine Signaling 
 
Juxtracrine Signaling:  
Proteins from inducing cells can interact with receptors from adjacent cells without the need of 
diffusion.  
Notch Mutation: Dominant Mutation. The loss of one copy leads to notching of the adult wings, 
whilst the loss of two copies results in embryonic lethal. This is because the loss of notch leads to the 
hypertrophy of the NS 
 
In sensible development of the fruit fly:  
The loss of notch in the larval stages triggers over-production of sensory bristles in the adult and 
failure to maintain appropriate spacing. Notch interacts with either Delta or Serrate, which are also 
membrane proteins. Notch contains 36 EGF-like repeats and binding to Notch requires EGF repeats 
11 and 12.  
 
The Notch Intracellular Domain (ICD) is liberated by cleavage and it traffics to the nucleus form the 
cell membrane. Once in the nucleus, the ICD binds to the TR CSL (Cbf1, Su(H), Lag2). In the 
absence of Notch signaling, CSL binds to the co-repressor proteins NCoR and represses transcription. 
ICD binds to the CSL and displaces the co-repressors and recruits transcription co-activators to 
activate transcription.  
 
Targets of Notch-Signaling – CSL consensus recognition sequence 5’-GTGGGAA-3’. Principal 
targets are enhanced of split (E(spl)) genes in the drosophila and in mammals, the related hairy 
enhancer of the split family genes (HES).  
HES genes are basic helix-loop-helix (bHLH) TF. They contain an N-terminal bHLH domain. It binds 
DNA as homo or heterodimers with other HES proteins. They are recognized by their E-box sequence 
(5’-CANNTG-3’). Each bHLH domain recognizes one half of the sequence. Basic AA at the amino 
terminus of the first helix mediates DNA recognition. C-terminal WRPW motif recruits the co-
repressor Groucho. The HES genes are transcriptional repressors.  
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Metaphase Chromatin:  
Heterochromatin at telomeres and centromeres. The arms of the chromosomes are where open 
chromatin regions are present (not during metaphase tho). The euchromatic and heterochromatic 
regions are controlled and maintained to keep them in their normal state, Polycomb Group and 
Trithorax Groups genes. They are important regulators of chromatin along the chromosomal arms. 
They are important in embryogenesis and maintain the gene transcriptional profile that is specific for 
that cell type.  
 
Histone PTM and DNA methylation needs to be balanced. PcG and Trig Group Proteins – imp when 
maintaining long term gene expression. They work opposingly.  
 
Histone PTM and DNA methylation maintain long term gene expression. The balance between the 
two will regulate expression and determine SC fate.  

- The PcG (Polycomb Group) and trxG (Trithorax group) proteins are epigenetic regulators of 
genome function 

- They were originally discovered in drosophila as regulators of homeotic Genes. They are 
responsible for the specification of the body plan. They also regulate many other targets 
involved in cell differentiation and proliferation.  

- PcG silence genes, trxG proteins activate them. This gives a ying/yang effect  
- They are highly conserved throughout evolution and they also work on protein that are highly 

conserved throughout evolution. They modify histone and chromosome.  
- In humans, the maintain the fates of the differentiated cells but they are also required for cell 

proliferation and the maintenance of several types of SC including ESC. Finally, they regulate 
the X-inactivation in females as well as genomic imprinting.  

- The balance between the two is essential to tell which lineage they will undergo. They are 
going to regulate which epigenetic mark will remain, be out on or be removed.  

 
Both are involved in homeotic gene expression (Hox Genes). Genes are important in deciding the SC 
fate. They are spatially and temporally expressed.  
 
They are important because the determine SC fate and they are also important in cell proliferation and 
maintenance. They are also important in controlling the rate of division and maintaining gene 
expression within the cell. They regulate X inactivation in females as well as genomic imprinting. X-
inactivation cannot evert be reserved. It is never re-activated, and this complex ensures this.  
 
Maintaining Gene Expression:  
We need to establish the pattern (embryogenesis of a particular organ). Maternal complement that 
happens within this development and how it is linked to the paternal contribution. When genes from 
the maternal side are going to be kept on vs the paternal. For imprinted genes, either the maternal or 
paternal will be expressed> This happens very early on during development and it requires PcG and 
trxG to maintain the expression of the profiles. Once the gene is decided, which one is off and on, that 
then needs to be heritable. The PcG will keep the not needed genes silent, determining cell fate, and 
the trxG will keep the genes need on.  
 
Members of the PcG and the trxG  
PcG has 3 members as a part of the group: PhorC Complex, Esc/E(Z) Complex and the PRC1 
Complex  
E(z) is the enhancer od zester. This is a particular complex that has histone methyltransferases that 
methylate’s H3 at K27. This silences genes.  
PRC1 complex binds it’s chromodomain which is on H3. It methylate’s K9 or K27. The K9 is only 
for constitutive chromatin. They modify specific residues to modify gene transcription.  
 
trxG also has 3 members as a part of the group. Fact Complex, TAC1 Complex and Brm Complex. 
TAC1 Complex comes with a histone methyltransferase that methylate’s H3 at K4. This is an active 
marker of gene transcription (active epigenetic mark). The complex has histone 1-5 enzymes within 
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Why do we need reprogramming studies? 

- Reprogramming is extremely ineffective – only 0.1% of cells will produce iPSCs  
- Use of retrovirus to deliver reprogramming genes inside cells  
- Oncogenes in reprogramming cocktail  

 
Alternative for gene delivery: Retrovirus integrates inside the genome:  

- Use of other viruses which do not intergrate  
- Use of Oct4, Sox2, Klf4 and C-Myc mRNA  
- Use of small molecules 
- Use of Oct4, Sox2, Klf4 and C-Myc proteins 
- Use of chemicals  

 
Oncogenes in reprogramming cocktail: Cy-Myc is a known proto-oncogene. It could create high 
proliferation and cancer like cells. 
 
Reprogramming has 2 phases: Stochastic Phase and Deterministic Phase 
Stochastic Phase: 4 factors and a network of genes is present. The same genes can be hit in different 
ways and as long as the genes are hit, it does not matter which pathway is taken as long as all 
initiation modifications are acquired.  
Deterministic Phase: When there is a hierarchal phase of gene activation.  
 
In order to remove C-Myc and try to get a better way of reprogramming we need to use combinatorial 
genes to get an iPSC based on stochastic gene expression such as SNEL (Sox2, Nanog, Esorb and Lin 
28. Also, the use of Oct4, Sox2, Klf4 and C-Myc mRNA, use of small molecules, Oct4, Sox2, Klf4 
and C-Myc proteins and the use of chemicals can be used.  
 
Could we re-programme from any cell type in the body? 
First human iPSC was originated from skin fibroblasts.  
Issues: skin biopsies – invasive and healthy donors  

- Reprogramming using blood cells (less invasive)  
- Reprogramming using urine cells (non-invasive)  

 
Could we get reprogramming from disease cells? 
Reprogramming using cells from neurons, disease cells such as sickle cell anemia, cells originated by 
point mutations, MDS and Active myo-leukaemia has a lot of different chromosomal mutations 
making it difficult to use.  
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